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Preliminary and Short Report
"MEMBRANE-COATING" GRANULES OF MOUSE OESOPHAGEAL
AND GASTRIC EPITHELIUM*
GEOFFREY ROWDEN, M.SC.
The mechanisms by which cells in keratinizing
epitlielia acquire their impervious natures, are at
present, largely unexplained. It has been incor-
rectly assumed that the resistant property of the
keratinized cells was a result of the pattern of
keratin deposited within them (1). More recently,
however, it has been suggested that the plasma
membrane of these epithelial cells becomes im-
pervious during the ultimate stages of differentia-
tion. This occurs to a great extent during the
transformation from granular-layer cells into
horny-layer cells (2).
As a result of studies involving the use of kera-
tinolytie agents, information concerning these re-
sistant cell membranes has been obtained (3, 4).
It was observed that when the keratin was dis-
solved, the insoluble residues consisted largely of
membranes (5). Subsequent research (6) has sug-
gested that these membranes are not strictly com-
parable with the plasma membranes of the kera-
tinizing cells. Resistance to solvent penetration
seems to be n function of both the cell membrane
and the intercellular space. Membranous com-
ponents have been demonstrated in the inter-
cellular space of the stratum corneum (6). These
components are implicated in the "barrier" func-
tion of the skin.
Matoltsy (2) investigated a number of keratin-
izing epithelia by means of electron microscopy.
Organelles, called "membrane-coating" granules(MCG) appear to be involved in the formation of
resistance at the zone of differentiation into fully
keratinized cells. A number of other investigators
(see 2) have reported granules of a similar nature.
In the bght of more recent research (6), it may
not now be correct to term these granules as
"membrane-coating". The term is, however, used
here, with the reservation that membrane coating
should not be the sole function of the granule.
This distinction is made since it appears that the
granules contribute not only to changes occurring
in the plasma membrane during epithelial differ-
entiation, but also to changes in the nature of the
intercellular space. Farbman (7) suggested the al-
ternative name of "cytoplasmic lamellate bodies"
as a result of observations on the non-gustatory
keratinizing epithelium of the fuogiform papilla of
the rat tongue. As further information becomes
available this may prove a more useful term.
In this preliminary report, some further informa-
tion is presented from studies at the electron—
microscope level, of the oesophagus and the kera-
tinized region of the stomach of the Swiss albino
mouse. Samples of tissue were treated by the nor-
mal procedures for preparation of specimens for
electron microscopy, i.e. buffered glutaraldehyde
fixation followed by osnucation after washing in
buffered sucrose. An extended period of dehydra-
tion and infiltration (5) enabled thin sections of
the Araldite-embedded material to be cut with
great ease. Consideration was given in interpreta-
tion, to the extraction of the non-liomogenous
component of the intercellular space, caused by the
long periods of dehydration. It appears, however,
that the electron-opaque membranous components
of the intercellular substance are not adversely
affected by the dehydration (6). Extraction of
some of the "ground" substance occurs, but this
does not affect observations dealt with in this re-
port. Thin sections were mounted on copper grids
with a supporting film of Parlodion. "Electron
staining" was achieved with lead citrate (9) and/or
5% aqueous uranyl acetate. Sections were ex-
amined in a Siemens Elmiskop I microscope oper-
ating at SO kv, with a double condenser and a 50
micron objective aperture. 0.5—1 micron sections
were mounted on glass slides and stained for light
microscopy by warming for 20—30 seconds in 0.1%
toluidine blue in 1% borax solution (10). These
sections were mounted in Euparal.
As observed by Matoltsy in (2), the MCG ap-
pears as an electron-opaque cytoplasmie body
round or oval in outline, and is often encased in a
smooth-walled membrane. Distinct internal struc-
tures were observed. These consisted of profiles,
membranes or discs 60—70 A thick, lying parallel
to the short axis of the ovoid granules separated
by a lightly stained homogeneous matrix (Fig. 1).
The membranes show an electron-opaque central
region 20—25 A thick with less dense adjacent zones
of 30—35 A. The matrix between the membranes is
of intermediate opacity and measures 15—20 A.
Measurements indicate an average length of 1700
A, and an average width of 1100 A for the MCG.
Granules with dimensions of 3100 A x 2730 A
have been seen. In order to obtain these average
values, over 200 granules were measured. Only
granules in which internal structural components
were evident were included. This criterion is used
to prevent inclusion of the keratohyalin droplets
in the measurements. The keratohyalin droplets
are more electron-opaque than the MCG and lack
the limiting membranes and regular internal or-
ganization.
The MCC first became apparent in cells lo-
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Fsa. 1. "Membrane-coating" granules (—*) in cells of the mid-epithelial zone of the
oesophagus of the mouse. Tonofibrils (t), mitochondria (m), plasma membrane (p), and
desmosomes (d) also visible. (X 48,000).
Inset. Internal membranous structure of the MCG (>< 114,000).
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Fio. 2. "Membrane-coating" granules (—*) in cells of the granular layer of tile keratioized
region of the stomach of the mouse. The MCG are oriented along the piasina membrane(p). Fragments of the inner membranes of the MCG occur in the intercellular space (-t-->),
Keratohyalin granules (k) and fully keratinized-horney cells (H) also visible (X 45,000).
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cated mid-way between basal and horny layers.
The granules appear to be preferentially aligned
along the plasma membrane, towards the external
surfaces of tbe cells, i.e. distal to the basement
membrano (Fig. 2). There are indications in some
keratinizing epithelia of a migration towards the
plasma membrane, from a site for the formation
of MCG. The Golgi complex has been proposed as
beiog a possible site for the formation of MCG
(2). The Golgi complex is small in oesophageal
cpithelial cells, and further observations will be
necessary before the site of MCG formation in
theso cells can be described.
The MCG are extruded into the intercellular
space, and contribute to the observed increase in
opacity that occurs in the transition zone between
the granular and horny layers. Convolutions of
the plasma membrane become less marked in this
zone. Whole granules and fragments of the inner
membranous arrays of the MCG are regularly
observed in the intercellular space. Mercer (11)
commented on the increase in intercellular "ce-
ment" substances during keratinization, and noted
some modifications in chemical constitution. The
discharge of the MCG may contribute to these
changes. It has been suggested that the observed
internal structure of the granule is indicative of
a site of synthesis of some cell component. The
MCG may be synthesizing polysaceharides (12).
These observations confirm the reports of Ma-
toltsy (2), and indicate a method, by means of
wInch, the plasma membrane thickens from 60—90
A in basal cells to 110—180 A in cornified cells. In
addition, the deposition of opaque membranous
material in the intercellular space is also observed
in oesophagus and keratinized regions of the
stomach of the Swiss albino mouse.
It seems well established that these granules,
which are probably synonymous with the "Odland
bodies" (13) earlier observed in skin, are con-
nected with alterations in the plasma membrane
and intercellular space in kcratinizing epithelia.
The MCG are formed prior to the keratohyalin
granules and their extrusion into the intercellular
space precedes the formation of the horny layer.
It is not yet clear whether the MCG contribute
only to the observed thickening of the plasma
membrane, or also lay down the membrane com-
ponent observed in the intercellular space. How-
ever, as a result of the extrusion process, there
may be an effective scaling of the cells from their
normal environment. This isolation, if it occurs,
could promote the final transformation in the
keratinization process, by reducing the cell's meta-
bolic activities.
Keratin in the horny cells seems to be more
adapted to the resistance of mechanical damage,
while the changes occurring in the plasma mem-
brane and intercellular space, produce a resistant
protective layer around the contents of the horny
cell. It would appear that the MCG arc actively
involved in the development of the protective
properties of keratinizing epithelia. In this respect
they play an important role in the development
of the homeostatic functions of these tissues.
Further studies are in progress concerning the
site of synthesis of these granules, and their con-
nection with the membranous complexes observed
in the intercellular space.
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